INTRODUCTION
Zubair sandstone reservoir has a variable thick Tar mat (asphaltic) interval near oil water contact and has an impact of the aquifer support of the reservoir. Tar mats are defined as zone of solid organic matter filling voids and fractures of rocks that can be laterally continuous and made a potential barrier to flow of fluid (Jacob, 1989) .The Tar mat occurs in carbonate and sandstone petroleum reservoirs in many basins throughout the world (Wilhelm's and Larter, 1995) .In the Zubair Formation in the Raudhatain oil field of north Kuwait was studied the origin and distribution of Tar mats (Azim et al., 2006) , in Kuwait carbonate reservoir was investigated and modeled the Tar mats and their role in understanding oil reserves and recovery economics (Almansour, 2014) , and in Saudi Arabia conducted an experimental study for enhancing the recover factor of Tar barrier and understand distribution of Tar mat (Alfayfi et al., 2015) .Recently, the compiled wells in the upper sandstone member (main pay) of the Zubair reservoir in the flank parts of the structure did not significantly contribute to oil production due to the presence of Tar mat (specially at the DJ unit) so the aim of this study was to identify the Tar mat zones at these locations using full set of open hole logs, core, and cuttings descriptions in the eastern and western flanks and the possible mechanisms of Tar mat formation.
GEOLOGICAL SETTING
The area of North Rumaila giant oil filed locates at Basrah Governorate, south of Iraq about 50 km west of Basrah centre and 32km west of Zubair oil field, between (30⁰ ,774` -30⁰ ,427`) latitude and (47⁰ ,223`-47⁰ ,428`) longitude (Fig. 1) .Geologically the study area located in the Mesopotamian zone (subdivided into three zones namely, the Zubair, the Euphrates, and Tigris subzones) these zones locate in the south, west, and northeast of the Mesopotamian zone, respectively. The North Rumaila oil field is located in the Zubair subzone (Jassim& Goff, 2006).The North Rumaila structure is an asymmetrical elongated anticline trending almost north -south, and the flanks dip is about 3 degree while the western flank was slightly steeper than the eastern side. The dimension of this anticline is 24 km (length) and 11 km (width). It plunges gently southward to form a saddle that separates it from the south Rumaila anticline structure (Al-An sari, 1993). Rumaila trap and the structure traps of Iraqi 1. The specific resistivity of the reservoir rock is the result of two different contributions, the resistivity of the rock matrix and the formation fluid. The electrical properties of the fluid will define the resistivity of the reservoir rock. This value will, therefore, in general depend on porosity, temperature and water salinity (Schlumberger, 1989; 1997) . A basic resistivity measurement fluid saturation of reservoir and type of fluid (hydrocarbons, saltwater, or freshwater) depend on behavior of formation resistivity (R t ) in uninvaded zone which are recorded actual type of fluid in the formation (hydrocarbons, or formation water), and micro resistivity (R xo ) in invaded zone which are recorded resistivity of mud filtrate in flushed zone (Asquith and Krygowski, 2004) . Due to Tar mat has very low mobility due to the high viscosity so that resistivity logs are consider as the main wire line devices that can be used for characterizing this type of hydrocarbon in reservoirs. However in front of Tar mat zones the separation between R xo and R t curves is small if it compared with oil containing zones. This is because there is no mud infiltrate invasion against these zones as Tar mat causes considerable reducing in permeability; the R xo reads Tar mat resistivity instead of mud resistivity. 
Where ∅ = effective porosity (%) determined using the following equations (Schlumberger, 1997):
∅ =Corrected porosity from density log (%) ∅ = corrected porosity from neutron log (%)
3. The NMR tool excites the formation by the pulse of electromagnetic radiation and measures the decay of the magnetization caused by the pulse and analyses it depends on sensitive to hydrogen index (HI). Hydrogen nuclei (protons) behave like a spinning bar magnet. Protons can be viewed as small magnets when disturbed from equilibrium, they presses around the static magnetic field, The build-up of polarizations proceeds with a time constant defined as the longitudinal relaxation time (T1) (Schlumberger, 2006) . The NMR tool not only detects hydrogen but also it can provide information on the chemical environment of the hydrogen through analysis of signal decay of relaxation time named as T2-Distribution. It can be used in many applications such as permeability calculations, producibility, capillary pressure, irreducible water saturation, and hydrocarbon type (Kennedy, 2015) .NMR measures amplitude is directly proportional to porosity (∅); the relaxation (decay) rate is related to pore sizes, fluid type and viscosity. Short T2 times indicate small pores, while long T2 times indicate large pores with relatively higher permeability (Schlumberger, 2006) .
Total porosity and T2 distribution are very different in the oil leg when compare to the Tar mat horizons depending on the hydrogen index (HI) of fluids in the porous rocks. The HI index will become very low in Tar mat zones in contrast with zone containing medium to light oil (Nascimento andGomes, 2004 ).The NMR measurements in heavy oil zones will exhibit porosity deficit proportional to the reduced hydrogen index. This porosity deficit, combined with a shorter T2 result from increased viscosity, can be an effective method to identify Tar. The NMR tool is responding directly to the Tar mat, this method is widely regarded as the best to identify an accurate Tar mat from logs. (Kleinberg and Vinegar, 1996; Nascimento and Gomes, 2004).
RESULTS AND DISCUSSION

Identification of Tar Mat
Core method: is the best to identify Tar filled zones due to the dark coloring of the core when compared to oil or water filled zones, but core is not available everywhere. Therefore, four wells (R-019, R-025, R-028, and R-029) were selected that have reliable cores. The Tar mat zones were clearly distinguished through observing the dark color, the thickness of Tar mat zone of these cores, the resulting thickness calculations were tabulated in (Table 1 ). Cuttings method: can be useful in identifying Tar, as the cuttings should show a dark coloring as seen in the core, especially, if these data combined with gas chromatograph data that can be an effective method to spot Tar provided that the mud logger is sufficiently experienced and capable of indemnifying and interpreting it. The cuttings also require depth calibration with layers and lag time correction for washouts. Cutting samples were gotten from two wells namely; R-576 and R-181, the thickness of tar mat zone of these cores in addition to the shale zones were determined and calibrated 
Micro Resistivity Logs method:
it can be easily detect the Tar mat occurrence using this method enhancement by the separation between Rxo and Rt curves in front of Tar mat zones is small if it compared with oil containing zones, thus the Tar mat thickness were determined for many wells in both west and east flanks of North Rumaila oil field (Table 2 ; Figs. 3& 4) . Bulk volume of mud filtrate in the flashed zone (Bvxo) method: using petro physical calculations were estimation the Tar mat thickness through observation diminution of bulk volume of mud filtrate (BV xo ) shown (Track 7 in Figs. 3& 4) . Nuclear magnetic resonance (NMR) method: the NMR measurements are available for R-564 well locates in the east flank of the North Rumaila structure. The NMR data were processed in Techlog software ( Fig. 2.10 ). Through observing T2-distribution in the main pay of Zubair Formation, it can be concluded that in the zones saturated with light and medium oil, T2-distribution peaks are to the right of T2-cut off (equals to 33 ms). In contrast, in the water saturation zones and Tar mat zones, T2-distribution peaks are to the left of T2-cut off. In addition, all peaks to the right of T2-cut off are not sharp and there is a distribution of peaks to the left the depths (3271.3 m and 3287 m). This may attributed to the occurrence of high viscosity and immovable hydrocarbon (classified as movable Tar).
Fig3. Tar mat zone in well R-566
Fig4. Tar mat zone in well R-576
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To ensure that this area containing Tar mat, the porosity determined by NMR tool is compared with that estimated from density logs. The porosity from NMR should be less than that estimated form density logs in areas with Tar mat (Track 6). The results also confirmed through calculation of permeability by Timur equation and SDR method. The permeability reduced in Tar areas as shown in Track 7. The final results proved that the Tar mat thickness in R-567 equals to 15.7 m (from depth 3271.3 to 3287 m).
Fig5. Tar mat zone in well R-564
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Mechanism of Tar Mat
There are many processes can cause these compounds to drop out of suspension at certain zones in the form of Tar mats.Mechanisms of Tar mat forming were reviewed by thermal cracking, water washing and biodegradation, deasphaltening by gas charging, gravity segregation, Oil mixing, inreservoir/carrier maturation and reservoir pressure reduction due to uplift (Dahl and Speers, 1985; Wilhelm's and Larter, 1995) . In addition, different other mechanisms have been suggested but they are not widely accepted including adsorption of asphaltenes onto clay minerals (Dahl and Speers, 1985) and processes related to thermal convection in oil columns (Montel and Gouel, 1985) . Here, we reviewed the possible Tar mat formation mechanisms in the considered reservoir:
Petroleum maturation and thermal cracking: Larter et al., (1990) proposed the maturation of the oil inplace as mechanism for Tar mat formation. On the other hand, Milner et al., (1977) reported that the advanced stages of in-reservoir oil cracking may be responsible for pyrobitumen formation. From (Fig. 6 ) it can be seen that the Zubair Formation reaches the early oil generation stage at Miocene and the low maturation of the oil at this stage may be responsible for forming the Tar mat. The geochemical analysis of Tar mat samples showed that the origin of oil is marine and from algae sources and thus this evidence exclude the deltaic Zubair Formation as a source to create Tar mat. In addition, if the low maturity is accepted as a mechanism for generating Tar mat, the distribution of Tar mat in the Zubair Formation should be evenly distributed through the whole formation and this is not the case encounter where the Tar mat only concentrates on the flanks of the structure.
Fig6. History of thermail maturation of Zubair formation in study area.
The thermal cracking is regarded as a mechanism for Tar mat formation in petroleum reservoir which usually occurs at great depth with a geological temperature reaching 170 °C or higher (Huc et al., 2000; Waples, 2000) . As the reservoir temperature of the Zubair formation does not exceed 100C, so the thermal cracking mechanism can be ruled out (Fig. 7) . Biodegradation: Biodegradation may occur in an oil reservoir accompanied by water washing (Palmer, 1984) . This mechanism may be responsible for producing Tar mat due to microbial attack if the process happen near the oil-water contact, the temperature is less than 80 ⁰ C under anaerobic conditions (Head et al., 2003) , and removal of n-alkanes with other petroleum components by bacteria (Connan, 1984) .
The burial history of the Zubair reservoir indicated that the oil generation and migration history of the source rock begin at upper cretaceous (68 MY), (Fig. 6) . At that period, the formation temperature was about (50 -53 ⁰ C) and this range of temperature creates favourable condition for biodegradation of the trapped oil. At Miocene, the migrated hydrocarbon entered the trap. At the same time the temperature of Zubair formation reached at 71 ⁰ C, a temperature that unfavourable for biodegradation process, (Fig. 8) . In this study, geochemical data and temperature exclude biodegradation as possible processes for the formation of the Tar mat in the Zubair sandstone reservoir.
Fig8. Temperature of Zubair formation via time in well R-172
Gravity segregation: This mechanism takes place in a reservoir when there is a variation of components that differ in gravity, for example asphltenes in lighter oil. In such cases, the lighter components accumulate near the top of the oil column whereas the denser tend to settle at the base of that column at the oil-water contact. Once the asphaltene content of oil becomes higher than its solubility, the former begin to precipitate and form a Tar mat layer (Schulte, 1980; Hirschberg, 1984) . In the Zubair reservoir, the stratigraphic distribution of this mat in the DJ unit (upper unit of the reservoir) should be less spread in LN unit (lower unit of the reservoir). But this is not the case of this reservoir, as the Tar mat more distribute in the DJ unit than the lower unit LN.
De-asphalting of oil due to gas charging: This mechanism is often de-asphalten of oil column in reservoir due to gas charge into a crude oil. Zuo et al. (2012) proposed the gas charging mechanism for Tar mat formation include: (1)A late gas charge migrated into the reservoir moving to the top of the hydrocarbon column, (2) The gas spread down into the oil column very slowly over geologic time (increasing gas oil ratio(GOR) near the top of the column), which reduces the solubility of asphaltenes at the top of the column and forming colloid ally stable clusters, (3) Gravitational accumulation of the clusters toward the base of the column, (4) Finally, asphaltenes concentrated at the base to form a Tar mat.
This mechanism deemed the most probable in Zubair formation in Rumaila oil field.
Adsorption of asphaltenes onto clay minerals: kaolinite has a very high adsorption capacity for asphaltenes (Pernyeszi et al., 1998) .Natural deasphalting due to adsorption onto kaolinite surfaces is an apparent mechanism (Sachsenhofer et al., 2006) .This mechanism consider the most probable in the Zubair Formation as there is a strong relationship between Tar mat thickness and shale occurrence in most of the studied wells. This is indicated that the natural deasphalting due to adsorption onto clay mineral surfaces is probably responsible for precipitation of the Tar mat in sandstone of the Zubair reservoir.
CONCLUSIONS
Based on the rock core and cutting description as well as the study of the behavior of borehole logs including resistivity and NMR the Tar mat was found on the flanks of the North Rumaila oil field near the OWC. Thickness of Tar mat are determined in 33 wells in the eastern flank of the structure and found to be between 5.3 m to 13.2 m in R-169 and R-109, respectively. In western flank, the Tar mat thickness ranges 5.3 to 10.9 m in R-105 and R-095, respectively. Within the saddle area between the North and South Rumaila, Tar mat thickness was found to be 5.2 m (R-181 well).The thickness of the Tar mat layer increases in the northeastern part of the Rumaila oil field, and this is related to the increase of the volume of shale, where the Tar mat are intertwined and form a barrier between the oil column and the formation which impedes the process of secondary oil recovery.
The possible mechanism that forming the Tar mat within the Zubair Formation is the de-asphalting mechanism because of gas charge in the reservoir and the asphaltine adsorption onto the clay minerals (kaolinite).
